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A l S T R A C T  

The thermal adequacy of Apollo Spacecraft 101 Connnand Module 
for  the AS 205/lOl mission is evaluated by quantitative comparison 
of Spacecraft 101 entry heating environment with Block I f l igh t  
t e s t  and design environments. 
differences (between the Block I1 design of Spacecraft 101 and the 
f l ight  tested Block I design) on entry heating and thermal adequacy 
of the heat shield system are specifically considered i n  th i s  
evaluation. 

The effects of configurational 
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ABSTRACT 

The thermal adequacy of Apollo Spacecraft 101 Command Module f o r  
the AS 205/101 mission is evaluted by qmntitative comparison 
of Spacecraft 101 entry heating environment with Block I flight 
test and design environments. 
differences (between the Block I1 design of Spacecraft 101 and 
the flight tested Block I design) on entry heating and thermal 
adequacy of the heat shield sy-skem a r e  specificaliy considered 
in this evaluation. 

The effects of configurational 
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1.0 INTRODUCTION 

Apollo Spacecraft 1 0 1 i s  the first of the Block I1 ser ies  that  w i l l  experi- 
ence Earth atmospheric reentry. 
between the Block I1 design and the successfully recovered Spacecraft 009, 
O l l ,  017, and 020 t ha t  a re  basically of the Block I design (Spacecraft 020 
was f l i g h t  tested with a Block I T  unified hatch design). 
of Spacecraft 101, as influenced by the configurational differences between 
the Block I and Block I1 designs, must be c e r t i  i d prior t o  the AS 205/lOl 
mission in accordance with Apollo requirements.fl7 This report provides the 
formal  documentation on which th i s  cer t i f icat ion is based. This documentation 
is supplementalto the successful f l i gh t  t e s t s  of Spacecraft 017 and 020 as 
w e l l  as Spacecraft 009 and Oll which demonstrated thermal adequacy fo r  Earth 
orb i ta l  entries.  
Block I1 designs tha t  may affect  entry heating and thermal response are as 
follows : 

Some configurational differences exis t  

The thermal adequacy 

The configurational differences between the Block I and 

1. Elimination of the Block I CSM umbilical 

2. Truncation of the Block 11 forward heat shield 

3 .  Instal la t ion of the Block 11 unified crew hatch. 

These design changes require cer t i f icat ion as t o  the thermal adequacy of 
Spacecraft 101 f o r  the AS 2 O 5 / l O l  mission. 

The entry heating environments of the planned SPS and back up RCS deorbit 
entries are  quantitatively compared with the design heating environments and 
those experienced by Spacecraft 017 and 020; the effects of configurational 
differences are defined and the thermal adequacy of Spacecraft 101is evalu- 
ated in  terms of Block 1 f l igh t  t e s t  resul ts  and design allawables, 
concluded tha t  Spacecraft 101 is thermally adequate f o r  the AS 205/lOl mission 
and can be s o  certif ied.  

It i s  

(l)Certification Analysis Requirement Number 027002, "Spacecraft 101 Command 
Module Heat Shield Certification," dated January 24, 1968 

-1- 
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2.0 EIJTRY TRAJECTORY FOR AS 205/lOl MISSIOI!J 

The planned entry trajectory for  the AS 205/101 mission is an SPS deorbit 
entry with a 1900 m range. A t  the atmosphere entry interface (400,000 fee t ) ,  
the i n e r t i a l  velocity is  25,840 fee t  per second; the init ial  f l i gh t  path angle 
is -1.5 degrees. 
Module weight of 12,576 pounds and a lift t o  drag r a t i o  of 0.296, correspond- 
ing t o  a f l i gh t  angle-of-attack of 160.4 degrees, 

The planned entry t ra jectory is calculated f o r  a Command 

The back up entry t ra jectory is  a RCS deorbit, G & N entry with a 2631 nm 
range. For t h i s  entry the i n i t i a l  f r igh t  path angle is  -0.826 degrees; the 
i n e r t i a l  velocity is  25,938 fee t  per second. 
t o  drag r a t io ,  and spacecraft weight a re  unchanged from tha t  of the planned 
mission entry. 

The trim angle-of-attack, l i f t  

Velocity and a l t i u d e  time his tor ies  for  the planned SPS and back up RCS 
deorbit entr ies(2j  are presented in Figures 1 and 2, respectively. 

Data transmittal  from J. Pavlosky, Manager, Thermal Protection Subsystem, 
Manned Spacecraft Center, Houston, Texas. Entry t ra jector ies  for  AS 205/ 
101mission received by datafax June I.&, 1968. 

(2) 
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3.0 ENTRY HEATING 

Reference heating his tor ies  fo r  the AS x)5/101 planned and back up entr ies  
(SPS and RCS deorbits) a re  i l lus t ra ted  by Figure 3. The reference heating 
represents the surface aerodynamic convective heat flux that would be experi- 
enced a t  the aft  heat shield center (Zc,Yc=O) with the spacecraft entering at 
a f l i gh t  angle-of-attack of 180 degrees, 

Calculated values of the maximnua heating rates and integrated heat loads are 
shown in Table 1 f o r  representative heat shield locations. These heating 
dis t r ibut ion data are shown f o r  both the SPS and RCS deorbit t ra jector ies .  
Compared with these SC 101 data a re  maximum heating rates and heating loads 
calculated fo r  the entries as experienced by Spacecraft 017 and 020. The 
same analytical  methods were employed in the heating calculations for  the 
different spacecraft compared. 

Configurational differences exist between Spacecraft 101, 017, and 020. 
Spacecraft 101is a Block I1 configuration having a truncated forward heat 
shield and i s  without the protruding Block I CSM umbilical and the umbilical 
ramp on the aft heat shield. The Block I configurations were different i n  
tha t  Spacecraft 020 was f i t t e d  with a Block I1 unified crew hatch assembly 
while Spacecraft 017 was f l i gh t  tested with the Block I crew hatch design. 
The effect  of these configurational differences on heating are  as follows: 
(1) the truncated surface of the forward heat shield w i l l  experience heating 
characterist ic,  in leve l  and load, t o  the separated wake region of the Block 
I design; (2) simultaneous removal of the Block I CSM umbilical and the 
umbilical ramp w i l l  not change the design heating levels or distribution in 
tha t  the umbilical ramp was desigried t o  cancel the protuberance heating 
effects  caused by the Block I CSM umbilical; and (3) heating t o  the unified 
hatch ins ta l la t ion  is  no greater than t o  other surfaces i n  the separated wake 
region. 
w i l l  be f l igh t  tested fo r  the first time on Spacecraft 1 0 1 w i l l  have ei ther  
no effect  or w i l l  have the effect  of lowering heating leve l  (locally) below 
tha t  of the Block I design. 

In surnmary, the configuration changes between Block 1 and I1 that 

With reference t o  Table 1, it is noted that the RCS deorbit entry w i l l  experi- 
ence a s l igh t ly  more severe heating environment than the planned SPS deorbit 
entry with the maximum heating point r a t e  peaking a t  60.5 Btu/f@-sec and 
45.3 Btu/ftz-sec -for  the RCS and SPS deorbit entries,  respectively. 
grated heat loads a t  the maximum heating point fo r  the two entr ies  are very 
similar in level with the RCS deorbit entry being s l igh t ly  higher at &,536 
Btu/ftz compared with 13,371. Btu/ft2 f o r  the SPS deorbit entry. 

The inte- 

The most severe entry f o r  Spacecraft 101wiU. develop a heating environment 
tha t  is only a fraction of the heating experienced by Spacecraft 017 and 020; 
or a maximum heat load of U+,536 Btu/ft2 compared with 36,160 Btu/ft2 
f o r  Spacecraft 017 and 27,000 Btu/ft2 for Spacecraft 020. 

-3 - 
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4.0 -L RESPONSE 

The thermal response of Spacecraft 101heat  shield ablator and component pene- 
t ra t ions (i.e., CSM pads, antennas, etc. ) wil l  be less  than that experienced 
by the successfully f l i gh t  tested spacecraft, Spacecraft 017 and 020. Since 
both Spacecraft 017 and 020 have Block I1 ablator thicknesses, the thermal 
adequacy of the Command Module 101 ablator heat shield i s  readily demonstrated 
by the heating environment comparisons with the f l i gh t  tested spacecraft as 
presented by Table 1 and discussed in Section 3.0, 

A s  previously discussed, the absence of the Block I CSM umbilical (with which 
previous spacecraft have flown) will e i ther  lessen the loca l  heating environ- 
nent or have no effect .  
w i l l  not be adversely ajrfected by the absence of the Block I umbilical and the 
umbilical ramp located on the aft heat shield; therefore, the heat shield 
adequacy in t h i s  loca l  area is  established by the Table 1 heating comparisons 
since the design method(3) employed i n  determining ablator requirements in the 
affected reconfigured area is the same for  Block I1 as was employed for  Space- 
c raf t  017 and 020. 

A s  such the thermal response of Command Module 101 

The thermal adequacy of the truncated f o  ard heat shield is i l lus t ra ted  by 

return t ra jectory)  with the Spacecraft 101 heat loads t o  the forward heat 
shield ( f l a t  apex) as presented by Fi,we 4. The most severe Spacecraft 101 
entry w i l l  cause the f la t  apex t o  experience a heat load of 585 Btu/ft2 com- 
pared t o  the design heat load t o  t h i s  area of 3,520 Btu/ft2. For reference, 
Figure 4 includes temperature responses, at  representative in-depth locations, 
tha t  are  calculated f o r  the maxlmurn heat load design trajectory; the response 
of Spacecraft 101 will be less  than the design al lmables  as indicated by the 
considerably less  severe heat- environment f o r  Spacecraft 102. 

the comparison of the design heat load(4 Y (corresponding t o  the HL.1 lunar 

The thermal response in the area of the Spacecraft 101unified crew hatch wil l  
have a relationship t o  the design allowable as has been i l lus t ra ted  fo r  the 
forward heat shield flat apex since both of these areas are within the sepa- 
rated wake region and, therefore, have the same heating environment. 
thermal adequacy of the d i e d  crew hatch ins ta l la t ion  has been demonstrated 
by the Spacecraft 020 f l i g h t  test; f o r  this entry the heat load i n  the sepa- 
rated wake region is  calculated as 945 Btu/ft2 compared with 585 Btu/ftz for  
the most severe Spacecraft 101 entry (compared with measured data from Space- 
c ra f t  020, the calculated heat loads are conservative by a factor of approA- 
mately two). 
expected t o  be less on Spacecraft 101than experienced on Spacecraft 020. 

(3)Avco Gorp., "Apollo Heat Shield: 

(4)11Design Criteria Trajectories and Heating Rates for Apollo Command Module 

The 

The temperature rise from entry heating can, therefore, be 

Block I1 Final Thermodynamics Report (U) , l l  

( 6  Vols.) 15 April 1967 

Heat 
24 May 1965 (Confidential) 

(7 Vols . ) , North American Rockwell Report SID 65-768, 
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5 0 CONCLUSIONS 

The entry heating environment and thermal response of Spacecraft 101 w i l l  be 
substantia 

during t h e i r  respective entries. The Block 11 configuration, as it d i f f e r s  
from the f l igh t  tested Block I designs (Le.> truncation of the forvmrd heat 
shield, elimination of the protruding Block 1 umbilical, and the  redesigned 
crew hatch which was also f l i gh t  tested on Spacecraft 020) is  demonstrated 
as being thermally adequate f o r  the AS 205/101 mission entries as determined 
fo r  e i ther  the planned SPS deorbit o r  back up RCS deorbit entry. 

less  for the AS z 0 5 / l O l  mission than f o r  the lunar return design 
conditions R 4 o r  f o r  the environments experienced by Spacecraft 017 and 020 
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FIOURE 4. HEATING ENVIRONMENT AND THERMAL RESPONSE OF 
THE TRUNCATED F WEAT SHIELD 
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